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TJiis  e3?^cerf.«tl  with  tJie  i^^vestlgatlon  of 

ooatljigs  for  i^tareaslns  effSeSenoy  of  asd  i:?cwid,5ns  jErofcsctlen  to 
siller  aolar  cells  use^  for  cojsvertlr^^  solar  energy  electrical 
ciier^  for  sjace  pover  s,vstsr^«  Si«h  jiiotOT^taie  ccr.versi<s?  of 
solar  energy  Sias  evol^'cd  as  tJ;e  |a*Ernr^  Etate-of-the-su“t  ecuroe  of 
auxiliary  ^wer  for  smll  a«i  iat&r^^ediate  space  veivicles.  Ts^  ad¬ 
vantages  of  solas*  esiergy  for  s*^h  jwp'oscs  are  veil  known  and  will 
not  be  discussed  Hes'e. 

In  tSte  United  States,  1  by  2  cs;  i>-on-n  silicon  cello  are 
currently  being  used  for  ainost  all  space  power  system.  Spectrally 
selective  centings  are  applied  to  the  ccH  surfaces  to  reduce  the 
operating  temperature,  increase  efficiency,  and  to  provide  protec¬ 
tion  against  mechanical  dnroge,  s:u*fnce  coatamliiation,  oicro- 
ceteorite  erosion  and  beta  s*ad.ictioa. 

These  cell  coatings  may  be  applied  either  directly  to  the  ceil 
surface  or  to  thin  ^ass  slips  vhich  are,  in  tus*n,  bonded  to  the 
cells.  Tnis  latter  class  provides  nnxifjium  jrotection  against  the 
various  cnvlronrental  hazards  and  ore,  therefore,  being  used  almost 
exclusively  in  current  space  programs.  The  type  fuid  thickness  of 
glass  depends  upon  the  mlssloa,  and  may  vary  fi*om  3  inil  laicrosheet 
to  70  mil  radiation  resistant  formulations.  The  two  varieties  of 
cell  coatings  are  schematically  Illustrated  in  Figures  1  and  2  below. 
In  Figure  3  is  shewn  a  wiotograph  of  a  typical  coated  cell  array. 

Although  these  protective  properties  ere  of  extreme  importance, 
the  primary  purpose  of  the  coatings  is  to  inci’ease  conversion 
efficiency  by  reduction  of  operating  temperature.  The  temperatm'e 
degradation  of  silicon  cells  is  well  known.  Materials  having  higher 
energy  gaps  than  silicon  liil^t  be  expected  to  have  better  thermal 
characteristics,  but  experimental  evidence  indicates  that  for  current 
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cells  tSie  dirrereRCc  Is  ssall  U;e  rate  of  ssSacirSty  CKPrler 

goneratlcm  goes  wp  faster  tMu  is  pre^a^e^  fraci  energy  s^p  consid¬ 
erations  alone.  Tne  preblec?  of  thsrml  desradation  of  photoroltalc 
solar  generators  Is  cordon  to  all  s^leondeotars,  and  C3*y»  In  fast, 
be  not  apireclably  vsrse  for  silSeon  than  for  poduation  cells  of 
galliusa  orsenitie  and  otS;cr  materials  vhieh  H^d  been  Ijcid  out  ss 
poKlsins  substitutes,  topartar.ae  of  reduction 

tccimiques  is,  tiies'efos-e ,  i^psrtar.t  to  all  pJiotovoltalc  oystens,  but 
this  Investigation  Is  United  w)  stltcor.* 

The  progron  is  divided  into  three  tashc: 

(a)  Thernodynanic  conslderatian©  of  cell  coatings 

(b)  E\Tiluati(Ki  of  state-of-the-art  coatings,  and 

(c)  Adaptation  of  Use  Spectroinb  vindov  type  coatings  to 
silicon  solar  calls. 

Tbsk  (a)  involves  a  brief  theivnl  study  or  the  effect  of  cell 
coatings  on  a  typical  cclcnted  solar  panel.  The  efficiency  gains 
are  determined  relative  to  a  sioilaj*  uncoated  panel.  The  analysis 
is  Intended  to  demonstrate  the  general  usefulness  of  the  technique. 

To  obtain  na-nerlcal  results  it  is  necessary  to  assume  a  specific  array 
configuration.  For  this  pjc'pose  a  typical  oriented  janel  configur¬ 
ation  vas  chosen  and  all  e-Ktroneous  sources  of  heat  vere  neglected. 

The  results,  therefore,  are,  in  general  conser/ative;  for  example,  for 
a  non-oriented  system  the  effects  of  the  coatings  are  signlfic^tly 
greater  than  for  the  array  chosen  here. 

Obsk  (b)  Includes  the  study  of  spectral  characteristics  and 
physical  and  environmental  properties  of  state-of-the-art  coatings 
suitable  for  application  to  silicon  solar  ceils.  A  survey  of  all 
coating  firms  has  been  made  and  coatings  have  been  obtained  from  two 
sources  other  than  Spectrolab.  Only  one  of  these  other  coatings  was 
found  to  be  satisfactory.  Among  the  characteristics  which  are  being 
investigated  are  the  spectral  transmittance,  reflectance,  and 
emlssivity.  These  parameters  are  being  measured  for  both  coated  and 
uncoated  cells.  Three  types  of  Spectrolab  coatings  and  one  from 


OptlcsiX  CoatJiig  labaratcples,  Xise.i  were  tc  Save  speoteral 
cHwacteristies  tsumMe  for  s^scrfe  vavclengtH 

ccatlns* 

t'iiie  ficrlee  of  fear  citings  vas  tSsen  farfeJ^er  sta^leJ  la  aa 
cnvlroscsental  test  sequence  approsSsatiag  tSme  owsreatly  la  ae« 

111  various  s|fice  ^ese  sjweiflc  tests  laelade 

iil^i  teaperature  storage,  lew  tessp^rature  storage,  teisperature 
siiooH,  and  vacuun  stK^ge,  In  addition,  ultraviolet  aal  beta 
Irradiation  tests  as*e  being  |«rfors*d. 

Task  (c)  involves  ti»  adaptation  of  tine  Spectrolsb  window  type 
coating  to  silicon  color  cells.  For  this  ^irpese  It  Is  ncccsgary 
to  novo  tJic  I-fl  reflection  band  further  into  tHc  inIVared  and  to 
provide  high  tranonicsion  efficiency  between  as^oxlcsotelj’  .5  on<S  1 
ciieron,  as  eonpored  with  tSie  to  .7  nlcran  tronssissiwi  band  of 
the  original  coating,  torcover,  it  is  dsoia*abls  that  absorbance  In 
the  I-R  region  beyond  3  Microns  be  introduced  oo  os  to  increase  the 
csiisslvity  for  directly  deposited  coating. 
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Tite  ttse  of  eye-eferally  eeiective  ccatlngiv  as  filters  fear  sllloon 
solar  ceUs  is  umler  Invesfclgstlon.  T«e  progrjn  is  oriented  prlmrlly 
tcuBrd  auxiliary  p3ver  sysUKss  far  space  vshteles,  tut  the  results 
eay,  to  a  certaiJ*  extent,  iiave  oUser  applieutlans.  A  general  study  of 
t!»  tiieiral  hatoce  of  a  solar  pond  In  space  and  t!ie  resultant  effect 
on  array  efficiency  is  exsnliied  a;;d  a  specific  exarsple  is  studied. 

Tt\its  example  is  an  Isolated,  oriented  array  with  an  octivc  area 
utaication  of  85  percent.  Tnc  output  of  tds  panel  is  computed  for 
solar  intensities  corresponding  to  Stos,  the  Ewth,  and  Venus  for 
current  coating  ^Tpes  and  for  t!ic  ’Vindow"*  type  coating  currently 
under  study,  and  the  rcoidtc  are  coapored  to  a  bare  panel. 

The  physical  jropcrtics  and  envtransental  characteristics  of 
state-of-the-art  coating  arc  also  being  studied.  ^^ca5U^erocnt6  of 
the  spectral  transalttance,  reflectance  and  emlttance  for  coated  cells 
are  being  obtained.  Environmental  tests  include  himldity,  high  and 
low  teraperaturc  storage,  temperature  shock,  vacuum  storage  and  ultra¬ 
violet  and  beta  irradiation. 

Adaptation  of  the  Spectrolab  infrared  "window  coating"  to  silicon 
solar  cells  is  being  studied.  Three  separate  problems  are  tmder  in¬ 
vestigation.  These  include: 

1.  Modification  of  the  configuration  to  extend  the  long 
wavelength  cutoff  from  700  to  lOOOnp., 

2.  Improvement  of  the  enviroamental  stability,  and 

3.  Increase  in  the  long  wavelength  emlssivity. 

In  connection  with  the  first  phase  of  this  task,  an  experimental 
curve  is  presented.  In  connection  with  the  second  and  third  phases, 
the  rare  earth  oxides,  fluorides  and  oxyfluorldes  are  under  study. 


tmjsimxm,  a.^  u3!c?s«^w 

Ih«  foUo!4ns  PMbltcftUons,  iesSwres*  i^pmrts  ar.d  ccnfcreoces  have 
resulted  directly  IVom  research  and  dsvclopeseat  by  Sj^estrolab  under 
Ccntraot  !!o»  DA  3^-039  SC-^SS5a  d^u-ing  the  jerlsd  25  csnaary  throu^ 

30  June  1^: 

PubXi<atiOT  and  Lecture 

"Spectrally  Selective  Optical  CootScgc",  by  A.B.  Jlsns,  fcesentcd 
to  Use  Pourteentii  Annual  Pover  Sources  Conference  In  Atlantic  City, 

ISev  Jersey,  on  17  IMay  19e0  and  subsequently  published  in  "Proceedings'' 
by  the  PSC  Publications  Cocsiittec. 

Reports 

Monthly  Letter  of  Progrccs  RepM*to  1  through  6  Save  been 
submitted  ac  follows;  Ro«  1,  January;  Ro«  S,  February;  Ho.  3^  ^'arch; 

Ho.  Ajril;  Ho.  3f  and  Ho.  6,  June.  All  verc  prepared  under  the 
title,  "Xnvcstl^tlon  of  Optical  Coatings  for  Solar  Cells". 

Conferences 

Representatives  of  the  Power  Sources  Division  of  the  U.  S.  Arc*/ 
Signal  Research  and  Development  Laboratory,  Port  Konaouth,  JJev  Jersey, 
and  of  Spectrolab,  Incorporated,  have  met  as  follows; 
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CM:  Aisalysis  of  Sugetrally  Selective  Cell  Codings 

In  or^r  to  detcrcal.iw  ti^  offtSnw  eisarfictorlefelcfi  of  sjeetjally 
selective  coatiiigs  fcr  slHcon  solar  cells.  It  Is  necee&ary  to  e^tsin 
U«  getbcml  exireoslon  for  tije  effleleney  cf  a  coated  sell  relative 
to  an  uncoatc4  one.  Since  U*l©  necessarily  involves  tSte  tmrml  dc- 
^^tion  of  t^Je  cell  array,  tSi©  cqullibrto  te3sje:*atttre  Kwet  be 
codjatted*  Tile  titercail  balance  for  a  cell  in  typical  sppIicatiiMi  is 
developed  belov. 


The  beat  input  to  a  soloj*  array  in  s|sce  is  tiie  sxmtion  of 
absorbed  direct  solar  energy,  albedo  and  tiierra.1  energy  fYcm  plaints 
and  nearly  a^ixlliory  (vehicle)  sui'faccs,  internal  fovor  losses,  and 
conduction  fror:  other  pertions  of  the  vehicle.  The  energy  output  is 
the  Gussatlon  of  tiicrcal  radiation  to  space  and  nearby  surfsces,  eon* 
duction  to  other  portions  of  tiic  vehicle,  and  the  converted  electrical 
energy*  The  equlXibrius  teesperature  is  that  at  vhlch  Uie  sus  of 
energy  Input  and  output  is  equal  to  ccro,  i.e.,  Qj  *  Qg  .  0. 
^athe^ticolly. 


(Equation  l) 


If  a  (X,  ?,  E*^)  (E(X)  •  <))  (iA  d\ 

r  r  fco  AA  A  n**  (r**r7rf*(r'-r) 

+  a  (X,^,{?<-1').ft)  R'(X,r',E-n')(n*.«(X))  dA*dA»dX 

JaJaJo  "^i^anet  Albedo 

+  r  r  oc  (X,r,(f^-ft)  R’'(X,r’,S-fi")(ft'*-®(X))  (r"-r)ft  (r'^r)  dA”dAdX 

JaJJo  (l^*.f)-(i^’-?) 


Direct  Solar  Radiation 
n'»  (?*^)ft*(r^^) 


Solar  Reflectance  from  Vehicle 


(X,r*) 


Earth  Thermal  Radiation 
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77^1  (r-i').(r-i*) 


aA*'aA^ 


Vdilele  TVicrml  Ra^taUon 


Inteerwally  (teJisrat®^  !l«at 


Coniuetlwi 
Solar  Arrs^  Radiation 


Solar  Coavertod  Soer©^ 


«  0 


Where:  The  un^iaed  quantities  arc  solar  panel  elements 

The  prlacd  quantities  are  planet  eXcsicnts 
The  double  prised  quantities  are  vehicle  eleaents 


A 

t 

A 

n 

C 

11 

a 

T 

R 

E 


area  of  canponens 
position  vector 

unit  vector  noarmal  to  surface  at  endpoint  of  the 
appropriate  position  vector 

coefficient  of  thermal  conductivity- 

electrical  conversion  efficiency 

spectral  absorptivity 

temperature,  •K 

reflection  coefficient 

coefficients,  Planck's  black  body  radiation  equation 
solar  irradlance 


For  of  ^iiis  typical  sr^ulysis,  vehicle  iposittoa 

viU  be  cc!sside5*e4  to  be  siKh  that  tSiere  is  ne^is^ble  iivoitot 
albedo  k-  therml  ealssicj*  ft'oes  Janets  that  the  vehicle  ccafis- 
^tica  16  8tteh  that  ti^i-c  is  si;fricler.t  Isolatlsn  betvsea  the  solar 
array  aiid  vehicle  to  jErsvernt  reriect^ce^  th^rs^l  essisslos  asd  eoc" 
dustaacc  to  w  iY«5  the  vehicle  itself#  With  taese  sls^lf icatioas^ 
asd  aeglectlng  jewer  losses  oa  tS^  jaaeXf  the  heat  Inigut  redtises  to 
direct  solar  radlatloa  alcae*  Xf  it  is  also  assured  tJsat  the  ^ssel 
te:sj«ratoe  is  ualfora,  ther.  tJ:e  thermal  radisticn  fro®  the 
jarel  can  be  exp-essed  in  tcr:^  of  the  ^ore  cockoo  Stef^n-Boltcrasa 
lav  and  i^e  thermal  balance  equation  then  sinii^lfies  to: 


2hc  intc^-al  In  the  radiative  cx|a*esslcn  of  Equation  2  is  t^e 
effective  thecal  enissivlty,  i.c. 


GTne  above  aesuaptions  would  correspond  for  exaaple,  to  a  typical 
veil -designed  space  probe  with  on  isolated  array  at  a  considerable 
distance  froa  the  Earth.  In  order  to  obtain  oonie  numerical  results^ 
such  a  vehicle  will  be  studied  where:  the  solar  panels  are  flat  and 
perfectly  oriented;  the  active  area  covers  85^  of  the  front  surface, 
the  remaining  15  percent  having  an  emissivity  of  .2  and  a  solar 
absorptivity  of  .3;  the  rear  surface  emissivity  is  .85;  and  the 
nominal  cell  conversion  efficiency  is  10  percent  .  An  analysis  of  such 
a  system,  iising  Equation  2  with  data  which  will  be  described  below, 
reveals  that  the  array  would  reach  an  equilibrium  temperature  of  86  *C 
when  irradiated  by  a  zero-air-mass  insolance  of  1^*0  mw/cm. 


^Measured  at  25®C  and  air-mass-zero  illumination.  Such  a  cell  corre-' 
spends  to  a  commercial  12^6  cell  (measured  under  alr^ss-one  illxunination). 
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is  s«jre-^tr-?ns^s  Irjrs^tess  as 

giiewa  2si  Flgtif#  a!i^  tSt?  sfee'-i'Si  ?&5*i?$2'?t£v*ty  (cst^eslvity)  f3?  a 
Eyptcal  ujtecat^4  ssSltsse;  seU,  as  ta  5-  F-ar  pi^ias-ea  cf 

ec»tp'a:stSea,  ■e?4ggSv':*y  Mgsg>.£«'^  fey  s^etral  dl3triV«tl®a 
of  a  50*C  feiacSn  a.s  sIvswr  Sa  6* 

Ualii^  Use  4eflRlt5^-i5  effesttve  User?is,I  cstSssSvlty  given  In 
S^s^titMs  3  afj^i  t>.e  gea?!G:.ry  sr4  3sa*faae  e,^^^?soteristies  esseriteei 
earlier,  Use  U;srr.&l  Sjsissrse  (E^siatloa  2)  Si-eii^aes  for  aa  ffirier.Sed  jeneX 


H  (Ag  •  *a^  %  *  “ 

e  (A^  e,  •  a  -  A^)  fp  '  a 


(fe) 


vi'^re  sssbgerijrta  e?  a*,  ss^si  r,  refer  eo  Use  aetlve  cell,  inactive 

^sel,  aai  rear  ja^sel,  rcajeettvel:*'?  nrJ  ia  Uis  fracsicr^l  active 

cell  area.  ?qt  Uur  rjodei  yassel: 

S  ^  ViO  ^/e^r 

^  -12  /  2/.  i- 

c  s  5.o7  X  10  vatta/er.  /ieg 


»  .8^ 


a  .3 


Using  tiy?  data  cf  ?igu:*e5  '•,  5.  and  6,  ar.d  jcrfcrrlRS  the  indicated 

product  Integrals,  for  a  bas’C  cell:  C£^  »  -92;  f  “  -SX*  Substituting 

c  c 

this  data,  Equation  ray  be  vritten: 

-l^iO  (.6?  X  -92  ■>■  *15  :•:  *3  -  p(t))  « 

(5) 

5-6?  X  10"^  (,35  X  -31  +  *15  x  -2  +  -8?) 

The  cell  efficiency  ^  isact  be  adjusted  in  accordance  with  the 
theriral  degradation  of  a  ty^dcal  solar  cell  (assumed  to  be  operating  at 
maxinrum  power  point  of  the  E-I  characteristic)  as  shewn  in  Figure  7-  A 
solution  of  this  implicit  equation  results  in  a  lanel  temperature  of 
86*C  and  a  cell  efficiency  of  6-7  percent  (relative  to  AMO  -  10  percent 
at25*C), 
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It  i©  wesft  desired  to  detorr4ite  t3.e  effect  appHeafeltti  of 
©leotral  CGfttlogs  to  Use  cell  eurfaces.  emtotiflg 
resulting  frm  viurjrlisg  tie  ciuM'acterlstlce  of  a  given  claos  of  esatiRgSi 
it  Is  Uten  |)056lWe  to  determine  tiie  optifism  spsolfScstlcns  for  ea^ 
coating  class* 

Obviously,  Use  laenl  tllt/sr  vculd  toe  ti®  iagbest  i»6slblc 
tnm^sslon  in  tise  ener©'  coasversto  s^ctral  region,  the  hipest 
possible  reflection  In  Uiat  portlcm  of  the  solar  spectrujs  where  eoawr- 
slcn  cffleieiffiy  is  ne^glble,  and  tiic  isigiKst  possible  eslssivlty  In 
tiie  tisernia  region,  beyond  3  to  5h*  '^Vansltions  between  reflected  and 
traassatted  regions  should  be  quite  sharp,  but  the  t^vinsitlon  to 
absorptivity  in  the  3  to  5l»  region  is  not  critical.  Optlnlsation  fa? 
each  giwn  class  of  filter  titen  jNjduces  to  KQ-ely  deteavainins  Uw 
iroper  cutoff  wavelength  at  wSiieh  tiie  transnlsslon  is  50  pcrceaat.  ^e 
anaU’Sls  va*  performed  by  coaputtng  Use  gain  effected  by  wying  the 
cutoff  wavelengths  and  then  (acj*cly  noting  the  peak  of  tSie  resulting 


gain  curve. 

In  coc^tlng  perfforcamce  it  Is  nccescary  to  tehe  into  consideration 
the  transaissiwj  loss  of  tisefiXter,  as  well  as  ti«  efficiency  gain 
resulting  froa  the  decreased  tcapaviturc  effected  by  its  presence*  Ihe 
effective  transaisslon  factor  is  given  by: 


-  r 

t_  “J  o  J 


S(X)  S(\)  t(X)  dX 


(6) 


B(X)  dX 

where  S  is  tte  ceU  sensitivity,  E  is  the  solar  Irradlance,  t  is  the 
filter  spectral  transnlttance,  and  is  the  effective  transalttancc  of 
convex^lble  alr-snass-zero  insolance,  l.e*,  "toe  rexattve  perfonrance  of 
a  coated  to  an  uncoated  cell  at  a  given  temperature. 

The  output  of  the  coated  panel  to  the  uncoated  panel,  neglecting 
second  order  effects  of  illumination  level  on  cell  efficiency,  is 


simply; 


where  F(t)  is  the  functional  value  of  P(T)  as  given  in  Figure  ?•  The 
absolxxte  output  per  cm^  of  panel  area  in  liKtaw/cm  insolance  is: 
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(8) 

BSA  H&  X  F(T)  X  f  «  .l«»0  X  .85  x  .10  x  ?{T)x  \  »  .0U9  F(T)  \  vatt/ea 

vSsere  8  is  t)»  iiosatoal  oell  efflclenay  at  S5*C  asid  Rero-alr-sasB-sus 
(eorfesswtds  to  8^  of  coaserclal  siscmeatloa  er  atr-eacs-«se. 

TSiree  dlffereat  coafejog  tyres  were  exaaiaed  Ja  tiito  study: 

«!e  Specferolab  ulfe«vlolct  rejectiaa  filter  tasown  as  Solakota  "A”  (ti^oal 
spectral  transsistssi**:  :diown  la  Fls«!*e  8)j  tSic  blue-violet  reflectlag  filters 
offered  coes*relally  by  Spectrolab  aid  MU  (typical  curves  diowa  la  Figures 
9  and  10  respectively)?  asd  an  laeallsed  eimraaterlstic  for  dte  window  type 
coating  as  siwwn  la  Figures  U  ajid  18.  Eie  substrate  Is  ossusel  to  be  Comlag 
TjTie  OSH  oicredtcet  glass.  fl»e  calssivltics  are,  titerefoie,  essentially  tiw 
saac  for  aU  the  coatings.  A  typical  coated  cell  calssivity  is  shown  la 

Figure  13. 

TftC  short  cutoff  of  Solahotc  "A "  docs  not  taaterially  affect  the  solar 
absorptivity  and  reduces  titc  effective  filter  transoisslon  as  defined  In 
Equation  (5)  by  less  than 

For  the  bluc-vlolct  reflecting  fUter  the  effective  efflcleBey  gain 
was  eoaputed  ossualng  the  spectral  oharacterlotles  shown  In  Figure  Ih,  with 
the  cutoff  varying  froa  350  to  550  on-  Slnilarly,  for  the  window  coating, 
the  charnctcristicD  shown  in  Figures  11  and  12  were  used  and  the  short  wave¬ 
length  cutoff  was  varied  over  a  slrallar  range.  The  problera  arises  as  to  uiiflt 
is  the  optlBun  long  wavelength  cutoff  of  the  windo-w  coating  for  a  given  short 
wavelength  cuton.  This  can  be  deteimlned  by  consideration  of  the  effects  of 
progressive  incresients  of  wavelength  on  cell  perforimnce.  The  energy  in  a 
given  wavelength  increment  produces  two  effects:  It  provides  an  increment 
of  converted  energy,  and  it  incrementally  heats  the  cell.  Tne  proper  match 
of  the  long  wave  cutoff  to  the  short  wave  cuton  is  that  for  which  the  ratios 
of  converted  energy  to  heating  are  equal,  i.e.,  if  and  Xg  are  the  short 
and  long  wavelength  transitions,  respectively,  then: 

B(\,)S(\,)Ax  .  E(^2)S(^2)A^ 

E(7^) 
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V?iYv  65)V;S’~'’  I* -^5“  W;  *  *‘*r“y  afti^ ssl535"* 

vsvt§i«at.^^'^  ^'-'sipi"  tvt -y*  S(?«)  ^  S{J^).  TS?.?  -y5‘t».44 

Jr’xr*.-^  -f  F:^.r^5  4^  w-s  r.s^  ^Sr't^rsi;'?^';'^.';  Uv§ 

?Kft?^'a?;c4  JC*?;'-  '<^V;fTf, 

C:>^  4.:v^r  J«H;';’S"-tv:’-y  .''vr  ’-'■^  l£plS-4ts4  U.  f9.rH 

3i9,^'<  5Y<3fiS  S  ir,  ’*4;^  Ua“;!r9v!?ttfe *• 

r^fU?v;v:v  aitc-s?'^***^^?-"^  :%  Us  Cfiar?»T*’ '.r'*^  vral  t's 

u,-  nt'  vt;^  fl’.  U,5"-  U?5e.  Ts*;®. 

cr:V4-4-.^:  *.;-va,s.r!/„p?'  :;  \y  •,*,»  iTt'.--^;"  ’g  ty 

s:i*^^'^vt?i.s  *-^' “^  jrj'i'.^**  ’5“.  -•s,, 

uo) 


C3:;4Stftr.*,  n-.  .C*  ,A*-.;r  u.~  g:'V^:'  r-sg-i:?!,.  s 

Vl*.  yirr:r-t.\,tf  r«'. rlvi"'^?..':'?  -r.-'tr^n/'-lv.si  cr.'S'riy.  U;« 


a  fi  a  • 

c 


where  U.e  fi-Jtbnurtr-*^  •  "  -r.-  6  »u-.4 


rcoT^utlveiV. 


^r.e  "S  ircJui*.  c;rv^;A  s.:-^  ^^  r*r.  Ir  :'\^-'*r‘i(‘  '.i  ^*",<1  *7  frr  the 
b:  r.:'.i;t::.F  :‘1.*‘"  i'*‘ •  '/.‘-rr  h‘.  ii*‘C  Jr. 

lit),  ^nd  vre  v!..r,-itv  .:.-i“*:.^  (tisi  fh'.vr.  !r.  VI  ur.d  i?).  vhe  rss^ulJ 

cT  Ihsse  Ir,* epra^'l tr t  v  •!  Me  0".“- *" ^"'■Jtr.s  .'t,;*^; 


Cc-ahlr.^  '^y>: 


Subshitu^-Ltig  M.efi's  restViff  ir.M  Ev;w:,cr.  5.  eqj-Vltrri;m  tsinper- 
atTJre  Js  fiber"-:;  Ir.  i'l^ji-e  l8  as  a  fur..:i;i:n  .f  rea::’  Ei-rfati-is  emlsslvity  for  the 
three  !2oabl.e.g  ty^es  ar.i  a  barti  i<a!ieV.  i'Jn  y:!.gu.re  19>  the  rear  surface  emls- 
sivlty  hias  "beer*  set  at  .85  a:;d  the  iVlurriirAtior.  3.eve.V  is  vai’led* 
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of  Uto  o®atc4  i^'Ol  rolatSw  to  a4»  unsooted 

Iftjsel  for  U(e  above  m^\  U  obtalKsd  frw  S^itatSoa  7  usfing  tbe  above 
^ta.  53(0  results  are  plotted  Iss  Figure  ^  fcr  Uuee  eaatlni  types 
wider  IXlWEBlisatloss  levels  correspcadijss  to  orbits  near  Versus,  tbe  ^rtb 
and  JOars.  As  would  be  exacted*  ^se  hl^ser  selectivity  is  desired 
for  Uie  id^ter  illimlmtlon  levels.  Tnus^  ssear  Venus,  to  vladow  tsrpe 
coatlJis  58ore  titan  doiibles  tlie  panel  output  of  tte  bare  cell.  ISssr 
window  type  coating  is  also  veiy  effective  S«  providing  a 

of  ai^oxlratelj’  At  tlie  lew  lUwstlKatlon  level  mrar  Sfers, 

Uie  Increased  eelectlYlty  of  ^se  window  coating  is  of  questlo^ble 
value,  and  for  econostlc  rea&mis  would  not  be  reccEsnesided. 

Tlte  optlns!^5  cutoff  wavelen.gti*s  fer  tS;e  various  coating  types  for 
each  lllunlnatlon  level  ai'c  Utose  for  which  tSte  relative  output  cwrves 
pcah.  AotuaOly,  to  coatliig  spectfloitlcns  arc  cEc|«ndcflt  upon  to 
solar  panel  charactcrlstlco  wid  t!ic  0!*b£tal  cwidltioBC.  The  results 
plotted  in  Figure  20  and  tSse  cci^lusions  wSslch  follow  arc  for  to  nodcl 
panel  described  ot  Ibge  S.  Under  lltolnaticn  conditions  sscar  JSars, 
the  me  of  any  coating  Kust  be  justified  by  otor  considerations  than 
increased  emcicncy,  i.e.,  rvechajilcal  erosion  or  diimge  fnKs  nlcro- 
Kotccrltes  or  beta  radiatlwi,  etc.  Bear  Sai*!d»  ti»  effects  of  to 
coatings  are  significant  and  near  Venus  the  coatings  should  be  as 
selective  as  possible. 

For  the  blue-violet  reflcctLng  filter  on  an  Bartii  satellite,  tJie 
opticaua  cuton  wavelength  would  be  between  J«00  and  ^ne  output  is, 

however,  not  appreciably  greater  than  for  Solakote  "A"  with  a  ^lOO  1:41  cuton. 
Bear  Venus,  the  optiraiLT!  cuton  wavelength  for  the  blue-violet  reflection 
filter  would  be  approxlmtely  ^*50  T*'®  output  would  be  alstost  twice 

that  for  an  uncoated  panel. 

For  the  model  panel  in  an  earth  orbit,  the  equlllbrlu.T.  temperature 
with  a  window  coating  with  a  350/1130  b^dpass  would  be  approximately 
25*C.  As  the  bandpass  is  narrowed  and  the  reflection  increased,  the 
temperature  declines  to  -11*0.  for  a  5OO/98O  bandpass.  Referring  to 
Figure  7,  it  is  seen  that  the  slope  of  the  efficiency  versus  temperature 
curve  begins  to  decline  appreciate  below  0*C.  so  that  no  significant 
advantage  arises  from  the  greater  selectivity  of  the  narrower  bandpass. 
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Msar  Venus  tS(S  opStew  teadinss  «lRSa«  esstSss  »suM  iave 

5(8i  points  nt  &50  aa«t  1(§0  sp.  For  tSie  sss^el  jaael,  t5®  eutjat  would 
be  spiroxlantely  8.85  W**®  «»*<»*'=**  (55^  ^ 

tj«e  Solslsote  "A”  panel). 

The  assima  oiaracterlstles  for  tJ;e  s»«8l  jaasl  would  generally 
result  in  lower  temperatures  U®»  for  etHer  coaflguratlcns  and  ea- 
vlraiseats.  Far  ejsaapis,  Insldsnee  of  jOsnet  altedo  and  3  would 
raise  an  tesperatures.  line  effBst  of  Ssl^ter  temperstrres  would  be 
to  increase  the  emcieney  gate  arising  fr«  tJve  etatlngs.  Tite 

neatest  differences  »rould  be  seen  In  aU  curves  far  a  «ws  orbit  and 

<K(,a  VSUld  8CM6W 


li"  lis  ail  crbit. 


greater  roXativc  &iUQ  o;!^  tUc  mstpMt  cSwiracteristio  as  ejicwn  m 
Figure  20  would  be  csodiflod  bo  introduce  p&abo  narc  Xlba  ^wsc  fbr  the 
Venus  lliualjmtion  level. 

Svemrlslng  titc  abow  data  m.d  eonclustos,  for  solar  ccUs  with  the 
res^nse  and  thernol  ctooctcristlcs  of  Figures  15  and  7,  w.  appropriate 
wavelength  cuton  spsclflcation  for  both  the  blus-vlolct  reflecting 
and  the  window  coating  woxad  appear  to  be  approximately  '>50  np,  for 
illa-olnatlon  levels  corresponding  to  the  Barth  tS»rou^  Venus.  Moor 
Barth,  all  three  coating  classifications  rwldc  significant  power  gains, 
but  the  ultimte  choice  wUl  depend  upon  a  careful  thcrcal  annlyslo  for 
each  vehicle  configuration.  The  window  coating  will  be  considerably 
more  Inportant  for  some  panel  configurations  than  fo:-  the  Bodel  luvestl- 


gated  here. 

For  higher  illuainatlon  levels,  the  greater  selectivity  of  the 
Window  coatings  is  of  great  imj^tance.  For  levels  corresponding  to 
Venus  (268mw/cm2),  wavelength  cutoff  should  be  about  1050mp. 

For  systems  using  optical  concentration,  a  window  coating  with 
still  greater  selectivity  may  be  necessary.  However  since  this 
program  does  not  include  consideration  of  such  devices,  no  analysis 

has  been  included  in  this  report - 
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’  '  A  «tn‘<?y  j^Rto'.«'4  1-3?  =aa  «*?  ^..u’e.v;«f98*.»«-@  sf  vfl.-4«  a?- 

w  t. 

.!«  eff^'t.  ^K  FS^.-Si-V.-^ar.  8srF-»at:«n  n,td  Or-l^.*'. 

:w.  ir4J«a^ea  a  vr.l'.RS**®*  4»5?f.i-9W.  l-tr.l^s  rr-« 

K,>4ass  srJ  Pa:rW.twSs  SKJJ«4t«d  ttet  fey  «■. 
rrs#f*>,  Um  efftertsg  a9a:l!^p  rpssSfJeAi.y  ter  ?®*sw  «»-•— 

ty  s^rfjsval  c*;*-ss&  a?  Pass^sls  S3>d  -'ti'.V.r.^-.iff  -s 

i»4t  r.a  f^r^l  i«s  tefi  fr^-s  ^ 

"Jits  jragrus  feiv.fffi-e,  '^stss  V.e  fOiSawSr.® 

4.  Sj»iatrals5»  ?yie  *-*<§  f-ff-trc  2^ 

2.  S5»s<Jt5VJi«t>  ">l»s  5  l/S/*!^0  ^ 

3.  SpaaiPiis*  SiTS  ^  S/O/f^lO 

Jii.  OCJliZ  fr^  "* 

»  •*  25 

5.  ySis^.sS'aJ-.ttrsa!;  jyj«^  5^? 

^;e  ev&4a*!.:oa  sjsstsS-s  at  «ie  foXlcvir^  j«KiS:£: 

U)  Msasisrewsat  of  Sj^stsul  Citaraatcrlst'-is 

(b)  Svalitfittcn  of  S-iSi-nblllty  for  A}.pllca*.loi:  b:  Stitoo::  Solar  Os^  t 

(e)  ?(SisMjts  of  Srsvtrorcaental  Stability 

S«AS3  (a):  R»;acaro^r.t  cf  Sp:ctrfil  Of.nt-a^terletSca 

of  ti;.  abo«  flltero  to  a  .dO"  gia.a 

of  ir-iax  1.52  ai:it  the  t.!-ftr.s=ittno55  curves  wftsctd  ovlt  tr.i  r?s-cr. 

i  to  1  alsron  on  a  FsrMt-Sliser  Spsotrasord  aor.ooteaostor.  ?«•=  rsfO.tB 
l::J no  ?int-co  21  tf.roogl.  25-  -•■  :-iS4«  26,  U  ths  vtfelfshsd 

tyjdoal  tx-ve  of  the  viob.So>.ur».n  fllt«-.  Too  traooatsstooo  ba-«  ba.n 
itiood  by  i.-l/4  bo  accoxat  tar  tto  second  B-orfaoe  ren-ootxr.o  cf  tho 
oo-oatlng  ra^to.  7r.c  cx-v.o  arc,  thoraforc,  rcp-u.cntativ..  of  the  ....or, 

QC  applied  to  the  colnr  cell- 

i'i-.e  Flsh^Sohuraa.-:  filter  has  xi  cffeot,i-re  teansmisslcn  loss  of 
Mxre  than  i(^.  Although  this  configuration  does  ha-,-e  a  r^'ro-4  reflection 
in  th°  n-ar  I-R,  We  gain  resulting  from  the  thermal  effects  would  r.ot 
balance  the  filter  tmnsmisslon  loss.  Koreo^^r,  this  samile  is 
by  a  significant  ultraMolet-violet  spectral  "leak"  which  wo>ild  no.  iro  e-. 
against  OT  degradation  of  bonding  resins.  For  these  reasons,  no  further 
investigation  was  made  of  the  Flsh^ohurman  lype  3119  filter. 
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Tiii  reisaJinlng  four  coating  are  ui»aer  eoatlnuiiis  iJweetlgaWoa. 
fciif  oUser  esafelngs  wtUoli  beaoe»  avatlaWc  viJl  also  be  evaluatea  a« 
tl»®  jeredts.  Tm  OCU  7m  207-SCC  U  6j«etr8Uy  equivalent  to 
S}ieetrdlab  ifs/O.  Tne  Sjeotrolab  B/l/5  eontliiB  !«b  eoseulwt  M^r 
latravlolet  reflectanee,  and  isenee  la  subtly  nore  efflolont  as  a 
sjeetralU'  selective  coating,  la  aosevltat  eenaltive  to  bwddlty. 

On  tSie  ot!#er  Itand,  it  la  not  as  sensitive  to  cold  twptrature 
and  holds  up  veU  at  tes^ratures  of  hel(w  -I30*C. 

Infrared  reflectances  of  U«ree  tjnplc^  cells  caated  uith 
various  ^ss  ts'pe  coatings  are  sJtowi  In  Figures  27,  2S  and  29*  T’als 
data  vas  obtaliKd  on  a  itei-Hin-El«cr  Kodel  IJ  Spctraphotoncter  vith 
specular  reflectance  attaclsacnt.  Since  there  Is  very  little 
scattering  froo  the  surfaces,  tiic  specular  rencctansc  adequately  de¬ 
scribes  Use  structure  of  tJte  filter  Infrared  characteristics. 

Tnc  ultraviolet  rcflcotanecs  of  the  various  filters  arc  currently 
luidcr  mvcotlgation  and  data  «1U  be  presented  in  the  nert  report. 

HUSE  (b)  Evaluation  of  SuitoblUty  for  AiqAlcation  to 
Silicon  Solar  Cello 

The  five  coatingo  investigated  to  cEate  arc  all  of  ts^pe. 

So^  directly  deposited  coatinso  vflll  be  exatained  later.  The  three 
Spcctrolab  coatings  vere  deposited  m  3  oil  Cornlns  alcroshect  glass, 

Type  0-211.  The  OCU  coating  vas  deposited  on  6  nil  Coming  0-211 
aicrosheet.  The  Fish-Schuram  coating  vas  deposited  on  an  imhnovn 
,0*i0*'  thick  glass. 

Except  for  use  in  high  radiation  fields,  it  Is  generally  desirable 
to  keep  the  glass  as  thin  as  possible.  For  this  reason,  itany  contractors 
specify  3  rail  slips,  although  6  oil  slips  are  also  widely  used.  In 
ap^ications  where  radiation  danage  is  antlolioted,  special  radiation 
resistant  glasses  of  the  order  of  .060"  to  .070"  oay  be  required. 

The  substrate  supplied  by  Fish-Sehurman  is  considered  unsuitable, 
but  no  attempt  was  made  to  obtain  thin  slips  from  them,  since  the 
spectral  characteristics  of  the  coating  supplied  did  not  meet  the  gen- 
eral  requirements  for  the  application. 
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so  piruc«l«r  i.. 

iS«»  ««  oU  c»«9i.ter.d  suitable  for  application  to  cells. 

mm  (c)  tesfelag  of  BavlroRsental  StabUlty 

ro«r  ceatlas  d  *»  obe«)  vblcb  vere  ap,^»ea 

sp.etr^  ei««acterlsties  vere  Saclule^  la  aa  ' 

I«  e«.luatlag  envlr—tal  caiabaitles.  it  is 

.1.0  .:ne  boailas  «.slas,  slaco  characteristics  a.^  “rjltt 
m  t-aasjareat  reslas  5u*sv,.  to  be  suitable  for  bcaains  S^sa  clips  to 

«.ns  ..««  .. 

Of  reslac  vac  selected  for  the  first  test  series: 

a.  Spectrolab  Sypa  B-*^) 

b.  Spectrolab  fm 

c.  Spectroli^  T^rpe  B-^ 

d.  Spectrolab  Tjfpe  B-o5 

e.  Biggs  T^'pe  R  823 

f.  Biggs  Tn>e  B  315 

g.  Dffw  Coming  ^"/pe  <l 

h.  Furanc  !Eype  15E 

i.  Purone  Type  212 

1 .  Marblctte  Type  655 

Ss*ctrolab  Tm  KJ.0  vas  not  included  in  the  investlgntion.  Tn-s 
resin  is  a  nev  foraulation  which  unfortunately,  did  not  progress  o  a 
point  where  it  could  be  included  in  the  original  series. 

Environmental  tests  were  performed  on  three  different  test  sample 
configurations.  For  ultraviolet  irradiation,  three  slips  are  «mted  on 
2"::2"x.0I.0"  glass  backing  jOates.  For  beta  Irradiation,  the  coatings 

are  applied  directly  to  Coming  tyja  79>.0  quarts,  half  of 
Xandnated  to  a  second  quarts  plate  (the  other  half  are  not).  The  thir 
test  san.^  configuration,  used  for  all  other  teats,  consists  of 
twenty  cells  assembled  into  four  5-eell  shingles  which  are  mounted  on 
aluminum  plates.  All  combinations  of  the  nine  resins  and  four  coatings 
in  the  tests,  making  36  configurations  In  all. 
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r«e  tests  vhieit  «*«  taovn  to  be  perttnest 

smi  of  cosoen*  for  esstlafs  Save  been  Uwluted  m  this  jrograa.  Tests 
e«s!s  *6  vlbratlws  vKloii  are  not  of  esMern  for  ceatinss  i»w  not  been 
lr,aln4s«.  Sbe  tests  Jare  been  assigned  to  ccafoiw  with  Uie  generai 
level  required  for  »st  eatcaite  sslsslons.  In  swe  cases,  tl»  severest 
of  gush  test  ccftdltlens  Save  been  used.  FoUswlng  Is  f-  suasary  of  tbe 
vnrScus  e!sylrona«ntal  estpasuree: 

1,  ESimidlty 

SSe  saaplcs  are  jdaesd  In  a  tbersostatlcaUy  cantroUed  Beaco  iaialdlty 
citaster  oferating  at  a  esnstant  level  of  grwtcr  Wan  9i1>  relative 
baaldlty  at  55*  C.  Tne  gasides  arc  resoved  after  50  hours  and  dried, 
ol@&fte4.  l«»spect€4  mii  j^iotograptotl. 

2,  Siiah  Storagg 

fia:i5ae6  arc  ^nccd  in  a  ’^rtelco  pre-ltcatcd  tSjeraostatlfttaiy  con¬ 
trolled  oven  sot  at  60*C.  The  temperature  of  a  typical  plate  rcachec 
76*C  la  loco  Utan  1  nlnute.  Saaplcc  rctailn  in  oren  for  12  heuro 
and  are  then  rcoovedp  cl^cd,  Inspected  and  photosrai^hed. 

3,  loM  Temperature  Storage 

The  saaidCD  ore  jdaced  In  a  jre-coolcd  theraostatlcolXy  con¬ 
trolled  cnvl«»i=cntal  chacber,  uhooc  teaperature  Is  louercd  to  -75*C  In 
5  aljiutcs.  A  typical  caaplc  plate  reaches  -73*0  approxlmtely  one 
ainutc  after  the  chacber.  The  saaiacs  are  oalntidned  at  this  teaperature 
for  12  hours,  after  which  tlae  they  are  reaoved,  cleaned,  Inapectcd  and 

]^otosraiiheda 

li,  Tcfflperature  ShocH 

me  saaples  arc  placed  m  a  specially  constructed  cold  chaaber 
and  the  chaaber  is  reduced  to  -75*0  In  less  than  2  alnutes.  This 
teaperature  is  mlntained  for  15  minutes.  The  chamber  temperature  is 
then  raised  to  +25*0  in  2  minutes,  maintained  at  25*0  for  15  minutes 
and  lowered  to  -75*0  in  2  minutes.  Ten  complete  cycles  are  performed. 

On  completion  of  the  final  cycle,  the  samples  are  returned  to  room  tem¬ 
perature,  removed,  cleaned.  Inspected  and  photograpJied. 

5.  Vacuum  Storage 

The  samiaes  are  jlaced  In  a  vacuum  chamber  which  is  evacuated  in 
10  minutes  to  a  pressure  of  lO'^  mm  of  mercury.  The  sample  is  stored  in 
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tills  vacuus  at  rooa  tesi«raturc  for  6  hours,  and  is  then  resoved,  eleancd, 
inspected  and  photo^phed.  »e  test  Is  then  repeated  with  the  sanide 

Maintained  at  a  tesspcraturc  of  ^5*C. 

6.  UltrayloXet  Irradiation 

r»e  speeial  saai^s  prepared  for  the  ultravlolot  Irradiation  tests 
are  exposed  for  a  period  of  6  hours  to  a  source  havlne  an  ultraviolet 
Irradlatloa  equivalent  to  1500  tlaes  the  atTHWos-tero  o«m.  Dj  a  period 
of  6  hours  It  is  thus  possible  to  staulate  the  totegroted  effect  of  the 
sun  for  a  ene-jear  orbit  vlth  100)6  iUusdnatloa.  For  non-orlentcd 
satellites  and  tiiose  xSileh  pass  Into  the  Earth's  shadou,  this  vould  be 
equivalent  to  as  os  to  6  ycaro  of  Irwdlatlona 

Toe  early  tests  are  beins  perfonsed  In  an  air  ateoephere.  The  effect 
of  an  air  environment  for  such  tests  is  to  accelerate  dana^*  Howevrar, 
since  the  resins  are  covered  except  for  a  thin  glue  line  at  the  boundaries, 
the  tests  Hi  air  should  be  equivalent  to  those  tn  vacuum.  Tne  illuainated 
area  extends  across  port  of  the  ceU  edges.  If  any  dooage  Is  noted  at 
these  points,  additional  testing  m  vacuum  vlU  be  prarforccd. 

test  source  consists  of  a  GE  Mercury  AH  6  lamp  In  a  vater 
cooled  quarts  Jacket  focused  by  means  of  a  tvo-lens  quartz  aspheric 
cccAinatlon  so  as  to  iUininate  an  area  apjroxlaately  25  x  1.5  t®*.  A 
schematic  diagram  and  a  photograjii  of  this  apparatus  are  shown  In 

Figures  30  and  31  • 

7.  Beta  Irradiation 

Tne  special  saajdfiB  prepared  for  beta  tests  will  be  irradiated  with 
a  current  density  of  1.6  pa/cm^  at  an  energy  level  of  750  kev.  At  this 
irradlance,  in  one  second,  10^^  electrons/cm®  would  be  Incident. 

Integrated  test  duraticMis  will  be  10  and  100  seconds,  corresponding  to 
10^^  and  10^^  electrons/cm^,  respectively.  The  spectral  transmission  of 
the  samples  will  be  measured  before  and  Inunedlately  after  Irradiation. 

8.  Future  Tests  to  be  Included 

a.  Very  high  vacuum,  to  pressures  less  than  10  . 

b.  Vacuum  testing  of  resin  samples  (without  coatings). 

c.  Temperature  cycling  -120*0  to  +80*C  to  -120*C  etc.  for  a 
minimum  of  30  cycles  with  transitions  occurring  In  less  than 
5  minutes  and  constant  temperatures  maintained  for  at  least 
30  minutes. 

d.  Ultraviolet  irradiation  in  vacuum. 
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9,  Test 

7!6S  i-essUts  f©5-  liia  fJve-iest  series  csspleie^  to  *»«  ineiuiea 
8S  ?W,ls8  I  thWJ#  ?He  filter  failures  are  Seserlbei  as  severe, 
s^ierate,  li?).t  S^nerally 

frea  fmvml  e-.resses  ia  ifee  sold  test  is  K0t  eaasiderei  serieas.  A 
II#.-.  filter  failure  i-er.'»e«s4s  a  diffieulty  ^SiieJi  is  liaraly  sotieeable 
yftier  eas-efal  e,v»i!ta-!9a,  but  Is  net  ssRerally  fiotlceafels  to  *s 
uRsSilllei  iaspeetor.  A  sades-ate  Mlure  is  clearly  neiicsable  aai  would 
be  cssr^se  for  rejeetloa  at  Spectrolab,  but  unless  it  were  to  been®e  wre 
severe,  wo'-ad  r.B-.  iesrsie  soiule  perforaaace.  A  severe  failure  is  oae 
uSsieh  covers  at  least  10  jierceat  of  i5®  cell  area.  Tse  draari-.ailoa 
between  moderate  severe  dasage  Is  to  a  certain  eicteai  subjective. 

For  the  above  test  series  ao  failures  wei-e  eaeoxttered  for  aai'  eoa- 
blaatlon*  la  either  the  hot  or  vacua  tests.  Setweea  lialf  aid  aU  of  the 
-liters  horded  with  resins  e,  f,  s,  i  ard  J  failed  Sa  haidity  for  all 
tvpes.  As  oxjec-.ed,  coating  ti^e  2  failed  in  haidlty  in  varj'ins  degree* 
for  the  resainlas  foul-  resins  b,  e,  d  and  h.  Sfoclrolab  resin  zm  3-65 
ir.  cosblnation  with  coating  types  1,  3  and  h  appears  aost  suitidjle. 

For  this  resin,  aside  fron  a  snail  filter  craeh  for  coating  type  3,  only 
one  ooderate  failure  was  encountered  for  filter  type  fc.  Sasples  using 
resin  types  b,  c  and  h  were  characterised  by  a  scattering  of  ooderate 
and  light  failures  and  filter  craching.  By  slightly  codified  coopound- 
ins,  core  carsfol  handiing  or  for  sonewhat  less  severe  envlroncental 
tests,  these  three  resins  naj'  ceet  the  requirecents  for  this  application, 
and  they  will  therefore  be  exacincd  in  further  detail  as  tine  pensits. 


When  used  with  the  proper  resins,  coating  types  1,  3  and  b  are  aU 
found  to  meet  the  general  environmental  requirements  for  this  application. 
The  numbers  of  test  samples  (20  each)  were  insufficient  for  fully 
establishing  environmental  capabilities,  and  it  is  suggested  that  further 
testing  be  made  in  connection  with  specific  vehicle  programs. 

Mr.  Marshal  Pearlman  has  been  investigating  additional  resins  and 
has  prepared  a  further  group  which  may  be  included  in  these  tests  if 

time  permits. 
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TASS  TliHSS:  AdaotatSoa  of  CaatlRga  to  S^Xar  Cfellc* 

Part£c«larlif  !iS®a:er  SIlisBiRstScn  levelR#  Uie  ©oiw"  cell 
ecalSns  Stas  a  traa^^^lscion  wla^ew  exies^^S)^  reM^^a:^  trm  M  w>  UOU 
refieetSas  res^en®  feelov  a!!4  above  (to  about  3  it)  t!s4a  ba2*4,  aa^ 
jsrovi^las  Ssfisb  nbsorbaace  ia  Uve  regfioa  beyond  ^  or  5  I** 

^v@s*ai  dSffereat  coatiitf  tecJsnSqwss  could  eoaselvably  be  weed  to 
achieve  Use  baole  «lfldo«  seleetlvU^^.  ^*.ece  aSsSit  iacMe  certain  seal- 
couluctlas  ^  malUe  awb-oxldes,  e*s.  etanasus  oxide,  etc., 

doped  with  appi-oprlate  ^  reflection 

propertlee  in  tSw  nea;*  infi-a-red,  wSiUe  preses-v2(^  hifiH  tr^scnlseion 
propertie©  In  tSte  visible.  Bj  coshiaios  such  a  fil»  wlU»  a  sliort 
vavelength  8r^atila^‘er  reflector  ajud  a  lon^  vavelei^h  absorhlas  eedi;®, 
the  desired  p!\>pertles  could  be  adileved.  Sbuever,  titeo!*etlcal 
coasiderations  lead  to  tSse  coaclusioa  that  to  achieve  sufflcieatly  hisSi 
reflectance  in  the  near  infra-s*ed,  the  absorption  loss  in  the  visible 
would  exceed  10  percent.  Sxperlisentally  this  cojtclusion  ha©  been  borne 
oat  in  progsacai  oted  at  provldins  vislble-tronsalttlns  infra-red 
!*ef lectors  and  electrically  conductil^s  flics.  Storoover  t!te  transition 
fren  transaioBloa  to  reflection  for  such  coatings  is  rather  gradual, 
whereas  sharp  Jocau'hation  between  the  regions  is  itsporlmit. 

The  cost  direct  solution  to  the  ps-oblea  would  be  ths-ougSi  use  of  a 
cultilayer  interfes-ence  filter.  However,  to  be  effective,  such  a  filter 
KTJSt  reflect  the  region  frora  just  beyond  1  to  at  least  2  U.  By  nonaal 
interference  tsethods,  a  constructive  interference  band  fomed  of 
alternating  layers  all  having  optical  thicknesses  nt  vould  produce  a 
primary  reflection  band  at  a  wavelength  of  nt.  Additional  s'efiec- 
tance  bands  would  be  formed  at  wavelengths  of  *t/3  nt,  h/^  nt,  etc. 
Actually,  because  of  dispersion  these  additional  bands  are  peaked  at 
somewhat  longer  wavelengths.  Thus,  with  a  quarter  wave  reflection  band 
at  1.5  U,  there  would  be  a  three-quarter  wave  band  at  .5  an 
intolerable  situation. 

On  the  other  hand,  the  width  of  the  reflection  band  is  proportional 
to  its  peak  wavelength  and  inversely  proportional  to  its  order.  Thus 
the  three-quarter  wave  band  has  approximately  l/9  the  bandwidth  of  the 
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quarter  vave  Uaj?3*  Pbr  a  conventional  oultilayer  Interference  filter 
coaspoeed  of  altematlns  dielectric  layers,  tlie  Vandirtdth  depends  upon 
tl»  index  ratio  of  Use  two  materials.  Suitable  mterials  with  visible 
ti'anspu'ency  are  litslted  to  such  hi^  index  materials  as  ainc  sulfide, 
ceriien  dioxide  as»d  titanlun  dioxide,  etc.  MtJi  indexes  of  the  order  of 
2.3  to  2.6  in  t!»  visible  and  2.2  to  2.**5  in  the  near  infra-red),  and 
to  swell  low  iivtex  nsaterials  as  cryolite,  clilolite  and  eagneeiun  fluoride 
(witli  indexes  rnising  fi'oo  approxiiMiteiy  1.3  to  There  are,  of 

course,  nuses-ous  Interwedlate  ssaterials  wlilch  »ay  also  be  given 
consideration  for  sucli  specitU  properties  as  long  wavelength  esd.sslvity. 

With  swell  ctateriais  no  thoa# aentloned  above,  a  rough  rule  of  thiad> 
is  Uiat  tlie  first  order  i*eflcction  hand  covers  the  bsnd  frea  rou^y 
62  percent  to  122  percent  of  t)»  center  wavelength.  Tims,  a  reflection 
band  at  1.5  u  would  linve  a  bandwidth  of  600  u,  extending  approxlai^ly 
fro»  1.23  to  1.83.  Ti»  three-quarter  wave  peak  would  fall  at  about 
5i<0  m  (shifted  froo  5OO  nu  due  to  dispersion)  and  would  have  a  band¬ 
width  of  approxlMatcly  65  an.  Shortening  the  coating  so  that  the  cut-off 
fiUls  at  approxljBately  I.05  u,  the  50  percent  band  llait  would  fnll  at 
<d>out  1.5611  and  the  three-quarter  wave  band  would  cover  between  ^20  and 
liSO  i»i.  This  in  effect  has  been  done  for  the  Fioh-ScburBaii  cell 
coating,  type  31X9.  It  should  be  pointed  out,  however,  that  such 
coatings  generally  have  excessive  transalssion  looses  in  the  actinic 
region  and  the  reflection  bandwidth,  which  is  only  about  500  m  in  the 
new  infra-red,  is  insufficient  for  cell  coating.  Examples  of  such 
coatings  are  shown  in  Figures  25  and  33* 
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of  tills  It  was  docl^od 

to  a^apt  a;)  ajmewal  flUor  eoafigwrailoa  iriileii  itas  V^a  explo?s4  at 
Sp&etrolal*.  tills  esatlitg  diffe!*®  fro®  Ues  eoaveotSoaal  J^flostleo 
sta®^.  A  §mplQ  of  a  yefiostlca  filtei*  Is  sisswa  la  Fim^ 

tisat  Uesro  I©  iio  s^eoa^as'y  i!u''ee-qwa3*t«r  wav©  refloat  Sea  i?aai3  as 
Sa  ti®  eoav^atloaal  iotorferoae©  fUtor.  AlaptatSea  of  Usfis  filter  to 
U®  eoias*  cell  appISeatloa  re^ali'os  tli©  follcwlag  lasise: 

?lrst|  Use  sp©etral  c35ara.®t©rfi6tSes  to  aolifS©^  by 

aldStSoa  of  a  coav^atSoaal  sitort  wav©  baa.1  flltos*  to  fora  a  baal 
eovorlas  tS'^  i^sge  trm  I.05  to  1.6  p. 

Sseoaei,  tills  filter  Is  Hnova  to  be  so»ewitai  uastable  (partleidarly 
aaler  proloagei  exposure  to  elevated  tejiperatwres)  aad  Iteaee  tl® 
aaterlal  strwetwre  Ecsst  lie  ssodlfied  to  Ijc^rove  stability. 

Tliird,  It  Is  desirable  to  latrodwce  lato  tSte  filter  aaterl^s  wbSeli 
have  high  e»ifisivlty  in  the  region  beyoad  stlerons.  Sacii  absoeiilag 
aaterlnls  vault)  »ahe  possible  dli'eet  deposition. 

Tbs  last  two  problsKS  s'eduee  to  a  eaterlal  survey.  To  l£sprovo 
stability,  suitable  interlayer  fite  which  will  reduce  diffusion  snd 
ci^ssical  reaction  are  desired.  To  improve  infs'a-red  caisoivlty,  these 
protective  fibys  should  have  hlgii  infra-red  cdisorbance.  The  infra-red 
properties  of  a  isu::d>er  of  Miterials  are  therefoi'e  being  investigated. 
These  include  the  rai’e  earUi  oxides,  oxyfluorides  a!id  fluorides  uSilch 
have  good  ihei'aodynaalc  stability  and  which  should  control  diffusion. 

The  intcixediato  infra-red  properties  ai*c  being  studied.  A  literature 
scorch  foiled  to  locate  any  pertinent  data  beyond  2  p,  nlthou^  sosse 
infoncotion  has  been  published  by  Ifass,  ct  ol,  for  the  shorter  wave¬ 
length  regions.  Sonic  of  this  data  is  prosented  in  Figui*e  35  which 
shows  the  refractive  indexes  of  oxides  and  fluorides  of  lanthaniua, 
praseodymium  and  neodymium. 

As  an  alternative,  silicon  monoxide  or  silicon  dioxide  could  be 
used,  but  there  is  still  some  concern  about  their  stability  in  the  high 
radiation  and  ultraviolet  fields  of  near  Earth  space. 

This  portion  of  the  program  has  been  delayed  considerably  by 
problems  associated  with  the  move  to  our  new  laboratory.  Unfortiuiebely 
this  move  is  some  ninety  days  behind  schedule.  Equijment  which  was 
ordered  for  carrying  out  the  special  evaporation  experiments  is  now 
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i*es4y  for  installation  onl  viU  i>e  eooraismtel  witl^  t!»e  ccs^letion  of 
that  po5*tion  of  our  ssev  lalborator^  during  the  next  few  weehs. 
UafOi-tumtely  Utese  delays,  wSiich  were  beyond  cur  coatsx)!,  have 
seriously  iespeded  progreae  in  this  phase  of  the  ps-ograa. 

Attempts  to  evapoi-ate  the  above  listed  m-e  earth  materials  in  our 
present  evaporation  plants  proved  unsuccessful.  MI  ftlas  were  soft 
msd  opalescent.  St  was  tSierefore  decided  to  postpone  any  ssilor  eofdjasis 
on  this  tnsH  until  siatable  equipaent  beeaRse  available. 

Realising,  of  course,  the  physical  limitations,  several  sacples  of 
the  caa*ly  Spectrolob  window  coating  !iave  nevertheless  been  produced. 
Ccebining  this  coating  with  a  sSsort  wavelength  roflector,  tSse  residtant 
transmission  curve  is  shown  in  Flguj'e  3^.  Jbte  that  this  characteristic 
closely  spproxiiMites  the  desired  ^ndow  properties  as  expressed  in  the 
original  goal  of  the  program  as  indicated  in  Figures  11  and  12.  These 
coatings  wlU  be  ropeated  on  thin  slips  for  opplication  to  cells  and  sooe 
temperature  equUibrlufl  studies  will  then  be  perfostjed. 

In  the  Ecanticfi  it  is  hoped  that  additional  progress  on  the  material 
study  will  be  effected  so  that  satisfactory  physical  chaj-acteristics 
can  also  be  achieved. 
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Saetion  $ 
OO^LUSIO^ 


TS»  prosraa  has  been  dlvWed  i«to  lUres  separate  tasks.  The  first 
task  SneMes  a  theoretical  evaluation  of  the  ther«al  gains  fr«  solar 
cell  coalin©!.  Several  different  filter  and  array  conflBaratlons  have 
been  exasliwd  and  the  results  are  presented.  In  this  report,  a 
specific  array  vas  chosen  vhids  Is  described  In  Section  3,  Task  One. 

For  this  particular  oodel  array  In  an  Earth  orbit,  a  ©an  of  as  ouch  os 
IiO  percent  in  cell  efficiency  can  be  expected,  and  for  a  Venus  orbit, 
an  increase  by  a  factor  of  sore  than  8.  For  other  array  configurations 
(for  exssple,  s  non-orlentcd  systca)  the  ©Uns  uUl  be  even  greater,  ond 
for  concentrator  systess  the  coatings  are  of  even  acre  significonce. 

In  Task  TVo  state-of-the-srt  coatln©s  ore  evaluated.  For  geiwrai 
purpose  applications,  the  only  opproved  co^tin©!  appear  to  be 
Spectrolob's  type  A  and  B/8  and  the  Optical  Costing  laboratories*  type 
207  see.  All  three  coatings  yield  approxlaalely  equivalent  efficiency 
gains  and  arc  found  to  be  cnvironacntally  stable  when  used  vlth  a 
litalted  group  of  resins.  The  resins  so  far  found  to  be  proalslng 
include  Spectrolab's  types  K-60,  E.^1,  and  E-65  ond  Furane’s  type  15  E. 

^e  ev«>orotion  prograa  has  been  delayed  significantly  by  equipaent 
and  facility  problens  associated  with  our  cove  to  new  quorters.  Soae 
Halted  evaporations  have  been  completed  and  a  sas^le  having 
approxiaately  the  desired  spectral  properties  has  been  prepared.  The 
saaple  transmission  characteristics  are  shown  in  Figure  36. 

Efforts  wiU  continue,  particularly  on  the  Third  Task  and  to  a 
certain  extent  on  the  Second  Task  of  the  programs 
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FOR  3WHRVAL 


Tlte  present  aiow  lo  ewr  new  lafeoraftcry  a«^  smesitary  arrival  of 
coaeiderably  foellStSes  ssimld  psmlt  »«  l«2reas«4  effort  an^ 

prot^MctSvliy  dwrlsig  U^e  iieJft  period,  Hey  to  tHe  gstgeess  of  thla 
ps-ogr^s  lies  In  Use  naterSal  sty4y  fos'  antl^SffiiSion  filJBS  for  Use 
Specti^l^  vln^ou  coalissg* 

During  Use  ssext  perJc4  e^sagSs  vlH  be  gJilftel  to  worH  on 
prepas-ation  of  l»pn>vel  window  filais*  In  paj-ticuiar,  Use  efforts  vUX 
be  concentrated  on  tSse  above-csentlojssd  (traterials  study  and  on  ki 
esperlfiseatal  detea^natiois  of  eqwUibrIua  tej^ratures  of  coated  cells, 
particulm'ly  with  the  expertenial  window  contlstgs  pa'cpared  to  dote  and 
those  wSsicSs  will  be  prepaavd  dua-ing  Use  next  few  weeSss. 

As  soon  as  eatea*ials  havltsg  suitable  optical  pa'operties  are 
developed,  they  will  be  introduced  into  Use  coatings  in  an  attempt  to 
improve  the  near  infa'a-red  enlttonce.  Efforts  srill  continue  with  the 
pa-esent  caterial  cofsplex  to  study  the  effects  of  Sapurities  and  Esethods 
of  filo  preparation  on  coating  stability* 

Discussions  with  Dr.  Iloss  have  indicated  that  their  results  for 
rare  Barth  salts  ve!*c  obtained  by  vea'y  fast  evaporations  i  roa  enclosed 
boats.  Oua*  otteepts  to  evaporate  frota  filaaentory  heated  crucibles 
were  found  unsatisfactory  and  hence  the  enclosed  boat  taethod  will  be 
tried  in  the  new  evapoa*ators.  Secoi^ly,  heavy  out»gasslng  of  the 
materials  prevented  raalntenance  of  a  suitable  vacuun  for  pi'eparation  of 
physically  sultc^le  films. 

A  smoU  amount  of  effort  will  be  required  for  the  state-of-the-art 
coating  evaluation  task,  particularly  to  complete  the  idtravlolet  and 
beta  irradiation  experiments.  In  addition,  a  s\u:vey  series  of  suitable 
resins  has  been  completed  by  Mr.  Marshal  Pearlman.  These  new  resins 
are  presently  being  prepared  and  will  be  evaluated  as  time  permits. 
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Sessiisn  7 

o?  Ksy 

Ts^  wsrH  4e^aj'lb&5  Sf.  s-^port  Jias  been  an^  be  perfcj-Ked 
by  anS  wnics-  tive  «»®  followias  Sjectralab  jeraonr^l; 

Alfred  B.  ?^nn.  ?rej*i4cn^ 

Kr.  Xann  a  $ra^uaie  of  the  University  of  Californio  ot  los  Anseles 
vith  extensive  graluate  worX  In  auclcor  and  eathcaaticol  j^nyslcs-  Ke 
bas  cocaplete^  the  ocaleaic  studies  and  oral  exoaiaatioas  for  the 
?K.D.  degree  and  is  a  nesher  of  Pi  Mu  epsilon  and  Beta  K*«)j>a 
honorary  societies.  Ke  is  active  in  various  professional  societies, 
including  the  Optical  Society  of  America,  the  American  Rocket  Society, 
the  Spectroscopy  Society,  the  American  Cheaical  Society,  the  Coblenz 
Society,  and  the  Society  of  Motion  Picture  and  Television  Engineers. 

Mr.  Msnn,  for  five  yews  President  and  Director  of  Engineering  of 
Spectroldb,  has  contributed  significantly  to  advances  in  radioaetry, 
vacuua  physics,  thi-n-fila  optics  ,  and  advanced  cethods  of  nathcBatical 
analysis.  Ke  has  patented  tvo  inventions,  ar4  five  oore  patents  are 
pending.  Foraerly  Mr.  Mann  a  project  supervisor  at  the  Technicolor 
Corporation,  vhere  he  directed  reseorch  In  the  fields  of  radiation 
dama^,  optical  physics,  rodiooetric  instruaentation ,  and  digital  ana 
analog  computer  prograsning. 

Author  of  oany  scientific  papers,  Mr.  Mann's  publications  during  this 
past  year  include  "Spectrally  Selective  Optical  Coatings  for  Solar 
Cells",  "Design  Considerations  for  Solar  Simulation",  "Solar  Panel 
Dftfiign  Considerations",  and  "Harrow  Band  Filters  for  Sciission 
Spectroscopy",  presented  at  the  Power  Sources  Conference,  the  American 
Rocket  Society  Space  Power  Systems  Conference,  and  the  Pittsburgh 
Conference  on  Analytical  Chemistry. 


I 
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Dr.  Ball. 

9:-.  SsU  5:-5ix®ie4  wj-Jx  fi:-«  class  toaars  f?««  ««  Colley 
of  Saies-xe  Sjs  lorrfoK  wltJj  ksJos-s  In  sfesial  sa'.’s  sni  s?®sl9l  pJ-^les. 

&  ic  a  series-  of  lise  Iis*'»lv.!ic  of  F&yslss,  3rl5l®5j  lastituse  of  ?4dio 
a-^lsees-s,  SrliisJs  :n8it;v.s5.e  of  Eleawosle  SnsSssers,  anii  4J»  toerieas 
Fsysieal,  Ssat«-,j-.  nSs  «ji?l©.5»*ni  essperiesas  Isal'aSes  josliless 
;’K«  si-itisJ:  ?e;sej«ai.".less.ior.s  stssess-e;*.  EesgbllsHssri,  38  rlav-lila-iS 
?>.-cpciior  Cispany,  'sfejii’.ilerysials,  Vesisiex  Cerjorsiion,  L’f.lverssl 
^-s-anslssoi-  ?fc4ue5.s,  aai  uraer  i^^rasdlcs  (Slrec^sr  of  Bssesres). 

3r.  Sell  U  nan  «s?lo;.-8i  si  <i  Seslor  K-^’eiels*.  far  Speetrolafe. 

Vtyglistn  rr/zglelist 

Ki*s.  uu*j-en  !“:*©s  t‘r.^  CnlversST^y  of  S®'4ti;s3T* 

£r.i  o'stair.e'i  h^r  .U  Less  CoUo^.  SS-.-e  hsis  j-aiK^s' 

i?sc|3-firS0!i?fi  in  nt:i&  or  ia:Va-rci,  ultravi&Ici,  aai  apoctro- 
scopy;  having  been  vngasao  .‘sa  a  phy^ici:?!-  #i-njs  cncn-cal  v«'*h  *»..© 

Shell  Oil  Company,  aa  ftn  ine-i-wcson  in  physics,  cngii^erir^, 
aa^rono:;^^  ai  lens  Beach  City  Ccllcsir;  fcd  is  a  Iftcturftr  in  a^strons^  at 
the  University  of  California  at  los  Ang^lee-  A  na^^cerU  desses  in 
astrophysics  vith  a  specialty  in  netecriteo  is  parkins  froa  U-C.L-A. 

Lfts^aen  is  c'^rreniiV  enployei  as  a  physicist  by  SpectrOisb* 


Aaproxixately  1700  houi*s  have  been  exper^dei  on  this  project  dus’ins 
the  period  25  Ja.nuary  i5o0  through  30  Uune  iS^SO; 


Alfred  S.  M&nn,  Senior  Physicist 
Ronald  Bell,  Senior  Fnysicist 
Virginia  Larsen,  Physicist 
technicians 


220  hours 
50  hours 
400  hours 
950  hours 
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